We present detailed calculations of photonic bandgap (PBG) accelerating cavities including estimation of the important effects of an input coupler. The PBG structures consist of a triangular lattice of metal rods containing a single defect on axis. The operating frequency is selected to be 17.1 GHz. The accelerating mode is a quasi-TM,,, mode localized near the defect. We analyzed the excitation of the cell using a rectangular waveguide with aperture coupling. Both the design of the PBG cell and the design of the input coupling were varied in order to optimize the design.
INTRODUCTION
Photonic bandgap structures (photonic crystals) [ 
J
have recently found a number of applications at the frequencies from microwave to optical [2] . A 2-D photonic bandgap structure based accelerating cell was proposed by S.Schulz et al. at PAC'93 [3] . The cavities made of metal and dielectric rods with a single defect were analyzed, and the defect mode was observed in a cold test in X-band [4-61. PBG based accelerating cells may be attractive at higher frequencies (17 GHz and up to 90 GHz) since the cavity is oversized. Therefore, the following features can be employed: (a) oversized quasi-optical waveguides can be utilized because conventional rectangular waveguides have large Ohmic losses at these frequencies; (b) the operating mode is localized near the defect whereas higher order, higher frequency modes fill the entire volume of the cavity and, therefore, they can be damped or removed.
The MIT experimental facility operating at 17 GHz includes a 1-1/2-cell photoinjector RF gun 171, the Haimson Research Corporation (HRC) 36 MeV linear accelerator [8] and HRC 20 MW relativistic klystron. This report is devoted to the design a 17 GHz PBG structure based accelerating cell. This cell may be accommodated and experimentally investigated at MIT.
The design we present includes calculations of the frequency, transverse field distribution, and Ohmic Qfactor of the defect mode as well as analysis of coupling into the defect mode using a rectangular waveguide.
PBG CAVITY MODE

I Frequency and Field Distribution
We use a triangular lattice of metal rods with a defect to form a PBG cavity (Figl) . Since a finite number of circular rows of rods is required to localize the defect mode, we utilize only 3 rows of rods. The rods are of a finite length and placed between two metal planes parallel to the plane of the drawing (Fig. 1) . The operating mode is a quasi-TM,,, mode. Therefore, the electric field is parallel to the rods, and the magnetic field is in the plane of the drawing.
We use SUPERFISH code [9] to examine two PBG cavities. The parameters of the cavities are shown in Table 1 . Figure I plots the lines of constant electric field in Cavity #l. It is seen that the mode is localized near the defect and slightly penetrates to the space between the 2"" and 3d rows. The results of the resonance frequency calculation are shown in Table 1 . 
Ohmic Losses and Shunt Impedance
The Ohmic Q-factor of the cavity is expressed as follows: -$I where E, , , = is the axial electric field. The results of calculation of the effective radii, Ohmic Q-factors, and shunt impedances are shown in Table 1 for two PBG cavities and a pill-box cavity.
External Losses
We analyze the coupling to the PBG cavity from the WR62 rectangular waveguide (the width of the wide wall is aw,= 1.575 cm) . Figure 2 shows the coupling scheme.
We excite the cavity from the left waveguide, and the right waveguide is utilized to symmetrize the cavity.
in two steps using SUPERFISH: (1) determine the resonance frequency of the cavity including the waveguides with the magnetic walls placed on the ends (Fig.2) ; (2) at this frequency, simulate one cycle of propagation using the initial sinusoidal electric field distribution at the left-side magnetic wall. The ratio of the electric fields, E,-at the axis and Ewg at the left-side wall, gives the external Q-factor:
We calculate external losses (an external Q-factor) where Zw,=455 SZ is the waveguide impedance. We treat two schemes of coupling into Cavity #1: (A) 1 rod from the 3rd row, from both sides, is removed (Fig.2) ; (B) 2 rods from both sides are removed, and the orientation of the cavity is rotated 90" (Fig.3) . To couple into Cavity #2, we remove 1 rod of the 3d row and 1 rod of the 2"d row from both sides (Fig.4) . The calculated external Q-factors are shown in Table 1 . On the example of Cavity #1, we indicate a great difference in external Q-factors between the coupling schemes A and B. The pill-box cavity (Fig.5 ) excitation through the coupling hole is simulated for comparison. The cavity and the coupling hole dimensions are shown in Table 1 . Note the relatively small size of the conventional cavity in Fig.5 . A critical coupling to the pill-box cavity is obtained since Qoh=Qe,,. Optimization on the rod diameter of the PBG cavities is required to reach the critical coupling.
The important feature indicated in the PBG cavity is that there is no frequency shift caused by coupling, whereas there is a significant coupling frequency shift in the pill-box cavity (Table 1) . This effect is a result of distributed coupling in a PBG cavity. Since the 1" row of rods is not disturbed, the PBG cavity field does not vary due to coupling.
Rod Suiface Current
A critical issue is the rod surface current which infers heating while high RF power is coupled into the cavity. The rod surface magnetic field distribution has been calculated, and the maximum magnetic field characterized by its ratio to the axial electric field. This ratio multiplied by Z0=377 R is shown in Table 1 . For the pillbox cavity, we indicate that this ratio reaches its maximum at the coupling hole edge. For the PBG cavity, it is at the inner surface of the rods of the 1'' row. The results (Table 1) demonstrate that, for Cavity #1, the maximum surface magnetic field is about 40% larger than that for both the pill-box cavity and Cavity #2.
CONCLUSIONS
Two examples of 17 GHz PBG accelerating cavities are examined, the resonance frequencies and Q-factors are calculated, and schemes of coupling are designed. We found that coupling into a PBG cavity can be controled by removing the rods from the 3d row of the lattice. We demonstrated the effect of no frequency shift caused by the coupling, which is a great advantage of PBG cavities. We also demonstrated that the heating of rods in PBG cavities, caused by the magnetic field increase near the rod, is of about the same order of the heating in a coupling-hole unit of a conventional cavity.
